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Abstract.— Treehoppers are sap-feeding insects that vary widely in degrees of both

sociality and ant mutualism. Based on these life histories, treehoppers may be classified

as ( 1 ) species that are ant mutualists and that aggregate as individuals, (2) species exhibiting

parental care that are not ant mutualists, and (3) solitary species that rarely interact with

ant mutualists. Wepredicted the availability of ants should influence the distribution of

treehopper species that depend upon ants for protection. Because ant abundance has been

shown to decline with increasing altitude in tropical regions, we examined the elevational

distribution of treehopper species in Colombia that are obligate ant mutualists and those

treehopper species that are not. The proportion of treehopper species that are dependent

upon ants for defense declined with increasing altitude. Those species having parental

care, that do not rely on ants for defense, were more commonat higher elevations. Solitary

treehoppers, species that only occasionally interact with ants, did not show a changing

relationship with altitude. Thus, mutualistic ants are not only important in the evolution

of treehopper life histories but also appear to be important in determining the geographic

distribution of treehoppers.
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Sociality in treehoppers (Homoptera: ants (Wood 1977, Bristow 1983. Olmstead

Membracidae) ranges from solitary species 1984). The size of treehopper aggregations

to those with highly developed parental care, and the volume of honeydew produced are

Additionally, many species rely on ant mu- important factors contributing to the con-

tualists for protection from natural enemies stancy of ant attendance (McEvoy 1979,

(Wood 1984). In return, treehoppers pro- Fritz 1982, Wood 1982a, Cushman and

vide ants with a source of carbohydrates, Whitham 1989).

free amino acids and amides, and water in Other treehopper species also aggregate,

the form of honeydew (Way 1963). Thus, but do not interact with ant mutualists. In

treehopper sociality and ant mutualism may these presocial species (species with paren-

allow alternative defenses against predators tal care) parent females actively guard eggs

(Wood 1 982b). For example, aggregations and nymphs protecting them from preda-

ofnymphs and young adults of many species tors (Hinton 1976, 1977, Wood 1976,

are tended by ants (Wood 1984). In some 1982b, Eberhard 1986). The benefit of ag-

of these species, parent females also guard gregation in these species is the effective

eggs and early instars, but their survival is guarding ofoffspring by parent females rath-

still dependent on the defense provided by er than the attraction of ants (Wood 1976).
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Alternatively, some treehopper species are

solitary throughout their life cycle, are rare,

and may incur lower levels of predation

simply by virtue of their crypsis. Because a

relatively small volume of honeydew is pro-

duced by solitary treehoppers, ant-treehop-

per mutualisms are relatively uncommon in

these species (Wood 1984).

Based on their level of sociality and in-

teractions with ant mutualists, treehoppers

may be classified as (1) species that are ant

mutualists and that form aggregations as in-

dividuals, (2) species with parental care that

are not ant mutualists, or (3) solitary species

that rarely interact with ant mutualists.

In the tropics, ant mutualisms decline with

increasing altitude in myrmecophilous an-

imals (Wood 1984) and plants (Bentley

1977a, b, Koptur 1985). This pattern re-

flects the decline in ant abundance along an

increasing elevational gradient (Janzen 1973,

Janzen et al. 1976, Bentley 1 977a). The cool

air temperatures and high soil moisture of

tropical montane regions preclude ants from

exploiting these habitats (Bentley 1977a).

Koptur (1985) and Bentley (1977b) have

shown that nectary plants in areas of low

ant activity have alternative defenses against

herbivores. Thus, the plasticity of the de-

fensive repertoire of these plants (Inga and

Bixa) permits them to grow in areas where

ant activity is low. In contrast, the defensive

mechanisms of treehoppers are not labile

within species. Consequently, treehopper

species that rely solely upon ants for defense

are relatively undefended in the absence of

ants. Furthermore, the increased conspic-

uousness of individuals in aggregations

formed by ant-dependent species elevates

their risk of predation compared to species

that do not rely upon ants. Non-attended

species reduce their risk of predation in oth-

er ways. Specifically, aggregations formed

by presocial species are protected by parent

females while solitary species are cryptic.

Given the effects of altitude on ant abun-

dance and the importance of ants to some
treehopper species, we predicted a decline

with increasing altitude in the number of

tropical treehopper species that depend upon
ants for protection. Wealso predicted that

species not dependent on ants for defense

should be more commonat higher altitudes

in the tropics where ants are rare. Weused

treehoppers to test our predictions because

they have a wide geographic distribution

and they exhibit diverse life history types

(Wood i982b, 1984). Wechose to restrict

our study to the treehoppers of Colombia
because it has an altitudinal range of 5000

mand membracid taxonomists have made
extensive collections there.

Methods

Weobtained locality and altitude records

for all treehopper species from the literature

(Richter 1940, I94Ia, b, 1942a, b, c. 1943,

1945, 1955. Striimpel 1972, 1973, Strum-

pel and Striimpel 1975, 1978) and used gaz-

etteers and relief maps to determine the al-

titude of those localities for which authors

did not provide this information. We di-

vided the altitudinal gradient into 1 3 classes

of 250 mincrements, from sea level to 3000

mand above. Wefound no records of tree-

hoppers collected above 4200 m in Colom-
bia.

One problem inherent in analyzing col-

lection data from published works is the

accuracy of locality records. For example,

workers may designate the nearest large city

as the collection site rather than a more ac-

curate locality. Because we used published

data, such errors may exist in our data set.

Wefollowed Metcalf and Wade ( 1 965) for

species synonymies and Deitz (1975, 1983,

1 985) for classification at the subfamily and

tribal levels. Weassumed an equal error rate

in species identification across taxa relative

to life history type. Weused Wood's (1976,

1977, 1984) studies of membracids as well

as those by Eberhard (1986), Ekkens (1972),

Fritz (1982). Haviland (1925), and Hinton

(1976, 1 977) to determine sociality and ant

mutualism for 330 (86%) of the 384 tree-

hopper species recorded from Colombia.
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Table 1. The number of treehopper species within each 250 m altitudinal class are given for Colombian
Ireehoppers exhibiting one of three life history types. The number of species for which life history types was
not available or could not be inferred is also given (see text for explanation of life history types).

Altitude Range (in Meters)
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Results and Discussion

Wewere able to assign life history clas-

sification to 330 species of treehoppers in

our data set. Of these species, 1 56 (47.27%)

were dependent upon ant mutualists, 45

(13.64%) were presocial species that do not

interact with ants, and 129 (39.09%) were

solitary. The species richness of treehoppers

with each of these three life history types

across the altitudinal gradient is given in

Table 1.

In Colombia, the proportion of treehop-

per species that depend upon ants for pro-

tection declines with increasing altitude

(Figure la). A linear model best described

therelationship(y = 61.99 - 0.014x', R= =

.62, P < .01 ). Because ants are less common
at higher elevations (Janzen 1973, Janzen

etal. 1976, Bentley 1977a, b, Koptur 1985),

treehoppers in these zones may be at a higher

risk of predation than those occurring at

lower elevations where ants are more abun-

dant. Thus, our data supported our hypoth-

esis that the altitudinal distribution of tree-

hoppers that depend upon ants for protection

reflects the availability of ant mutualists.

We found a significant positive relation-

ship between altitude and the proportion of

presocial treehopper species that are not ant

mutualists. A linear model best described

the relationship (Fig. lb; y = 2.71 +0.135x',

R- = .77, P < .01). Because protection of

oifspring is provided by parent females rath-

er than by ant mutualists, these species are

less likely to be restricted to areas where ants

are abundant. For this reason, species with

parental care are overrepresented at higher

elevations where ants, and consequently ant-

dependent treehoppers, are rare.

Because ant-treehopper mutualisms are

not common but do occur in solitary tree-

hoppers (Wood 1984), these species should

not be restricted to areas in which ant mu-
tualists are common. Our data supported

this hypothesis since the proportion of sol-

itary species is nearly equal over the ele-

vational gradient (Fig. Ic) and the propor-
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Fig. \. The relationship between altitude and the

proportion of Colombian treehopper species of three

hfe history types: la) aggregating ant-dependent species,

1 b) presocial species that do not interact with ants, and

Ic) solitary species. Proportional values were arcsine

transformed. Solid lines represent significant regres-

sions (see text for regression equations and explanation

of life history type).

tion of solitary treehopper species was not

statistically related to elevation in any of

the models tested. Solitary species represent

on average 36.77 ± 7.23% (arcsine trans-

formed mean ± 1 SD) of the membracid

species at any elevation.

Wehave focused here upon the relation-
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ships between ants, altitude, and treehopper

life histories. Admittedly, ant mutualism is

not the only selective factor varying across

the environmental gradient. Differential

plant productivity, seasonality, and a num-
ber of other factors may also affect the el-

evational distribution of phytophagous in-

sects (Begon et al. 1986. Descimon 1986).

Weassume, however, that the differing se-

lective pressures resulting from the clinal

variation in these factors are evenly im-

posed on species with all three life history

types. It appears that the decline with in-

creasing altitude in the relative richness of

treehopper species that depend upon ants

for protection is due in large part to the

corresponding decline in the abundance of

mutualistic ants.

Acknowledgments

We thank E. Russek-Cohen, R. Denno,

L. Deitz, J. Davidson, L. Hanks, G. Rod-
erick, and C. von Dohlen for their helpful

comments on earlier drafts of this report.

The computer time for this project was pro-

vided in full by the Computer Science Cen-

ter at the University of Maryland. This re-

port is Scientific Article No. A-4783,
Contribution No. 7803 of the Maryland Ag-

ricultural Experiment Station, Department
of Entomology. This report is also pub-

lished as miscellaneous paper No. 1223 of

the Delaware Agricultural Experiment Sta-

tion, Contribution No. 591 of the Depart-

ment of Entomology and Applied Ecology

and Contribution No. 132 of the Ecology

Program, School of Life and Health Sci-

ences, University of Delaware, Newark, DE.

Literature Cited

Begon, M., J. L. Harper, and C. R. Townsend. 1986.

Ecology: Individuals. Populations, and Commu-
nities. Sinauer Associates Inc.. Sunderland. Mas-

sachusetts. 876 pp.

Bentley. B. L. 1977a. Extrafloral nectaries and pro-

tection by pugnacious bodyguards. Ann. Rev. Ecol.

Sys. 8: 407^27.
. 1977b. The protective function of ants vis-

iting the extrafloral nectaries of Bixa orellana (Bix-

aceae). J. Ecol. 65: 27-38.

Bristow, C. M. 1983. Treehoppers transfer parental

care to ants: A new benefit of mutualism. Science

220: 532-533.

Cushman, J. H. and T. G. Whitham. 1989. Condi-

tional mutualism in a membracid-ant association:

Temporal, age-specific, and density-dependent ef-

fects. Ecology 70: 1040-1047.

Deitz, L. L. 1975. Classification of the higher cate-

gories of the NewWorld treehoppers (Homoptera:

Membracidae). N.C. Agric. Exp. Sta. Tech. Bull.

225, Raleigh, N,C.

. 1983. Name changes in the Membracidae

(Homoptera). Proc. Entomol. Soc. Wash. 85(4):

856-857.

. 1985. Placement of the genera .-lAe/MJ Stai

and Hemicentrus Melichar in the subfamily Cen-

trotinae (Homoptera: Membracidae). Proc. Ento-

mol. Soc. Wash. 87(1): 161-170.

Descimon. H. 1986. Origins of lepidopteran faunas

of the high tropical Andes, pp. 500-532. In Vuil-

leumier, F. and M. Monasterio, eds.. High Alti-

tude Tropical Biology. Oxford LIniversity Press,

New York.

Eberhard, W. G. 1986. Possible mutualism between

females of the subsocial membracid Polyglypta

dispar (Homopiera). Oecologia (Berlin) 19: 447-

453.

Ekkens, D. 1972. Peruvian treehopper behavior (Ho-

moptera: Membracidae). Entomol. News 83: 257-

271.

Freund. R. J.. R. C. Littell, and P. C. Spector. 1986.

SAS system for linear models, 1986 edition. SAS
Institute, Cary, N.C.

Fntz, R. S. 1982. An ant-treehopper mutualism: Ef-

fects oi Formica subsericea on the survival of I an-

duzea arquata. Ecol. Entomol. 7: 267-276.

Haviland. M. D. 1925. The Membracidae of Kar-

tabo, Bartica District, British Guiana. Zoologica

(New York) 6: 229-290.

Hinton, H. E. 1976. Maternal care in the Membraci-

dae. Proc. R. Entomol. Soc. Lond. (C) 40: 33.

. 1977. Subsocial behaviour and biology of

some Mexican membracid bugs. Ecol. Entomol.

2:61-79.

Janzen, D. H. 1973. Sweep samples of tropical foliage

insects: Effect of seasons, vegetation types, ele-

vation, time of day and insularity. Ecology 54:

687-708.

Janzen. D. H.. M. Ataroff, M. Farinas, S. Reyes, N.

Rincon, A. Soler, P. Soriano, and M. Vera. 1976.

Changes in the arthropod community along an

elevational transect in the Venezuelan Andes. Bio-

tropica 8: 193-203.

Koptur, S. 1985. Alternative defenses against her-



VOLUME92. NUMBER3 557

bivores in Inga (Fabaceae: Mimosoideae) over an

elevalional gradient. Ecology 66: 1639-1650.

McEvoy, P. B. 1979. Advantages and disadvantages

of group living in treehoppers (Homoptera: Mem-
bracidae). Misc. Publ. Entomol. Soc. Amer. 11:

1-13.

Metcalf, Z. P. and V. Wade. 1 965. General catalogue

of the Homoptera. Membracoidea I and II. N.C.

State University, Raleigh. N.C.

Olmstead. K. L. 1984. Maternal behavior to establish

ant-membracid associations. MSThesis. Univer-

sity of Delaware. Newark. DE.

Richter. L. 1940. Catalogo de los Membracidae de

Colombia. Rev. Acad. Colombia 3: 462^63.
. 1941a. Contribucion al conocimiento de los

Membracidae de Colombia. Caldasia 2: 67-74.

. 1941b. Catalogo de los Membracidae de Co-

lombia. Rev. Acad. Colombia 4: 83-85.

. 1942a. Contnbucion al conocimiento de los

Membracidae de Colombia. II. Caldasia 3: 41—48.

. 1942b. Contribucion al conocimiento de los

Membracidae de Colombia. III. Caldasia 5: 41-

49.

. 1942c. Catalogo de los membracidos de Co-

lombia. Rev. Acad. Colombia 4: 405—409.

. 1943. Contribucion al conocimiento de los

Membracidae de Colombia. IV. Caldasia 6: 81-

112.

. 1945. Membracidae Colombianae. Rev.

Acad. Colombia 6: 339-354.

. 1955. Entomologia. Membracidae Colom-

Serville, 1943. Mitt. Hamburg Zool. Mus. Inst.

69: 33-55.—
. 1973. Die Membraciden-Fauna Kolum-

bianae. Caldasia 6: 269-380.

SAS Institute. 1986. SAS system for regression. SAS
Institute, Cary, N.C.

Striimpel, H. 1972. Die Membraciden-Fauna Ko-

lumbiens. I. Die Gattung Nolocera Amyot and

biens. 2. Die Gattung Spongophorus Fairmaire,

1846. Entomol. Mitt. Zool. Mus. Hamburg 4: 327-

350.

Striimpel. H. and R. Striimpel. 1975. Die Membra-
ciden-Fauna Kolumbiens. 3. Die Gattung Leios-

CYla Fowler, 1894. Mitt. Hamburg Zool. Mus. Inst.

72: 177-200.

. 1978. Die Membraciden-Fauna Kolum-

biens. 4. Die Gattung Tnlropidia Stai, 1 869. Ento-

mol. Mitt. Zool. Mus. Hamburg 6: 133-149.

Way, M. J. 1963. Mutualism between ants and hon-

eydew-producing Homoptera. Ann. Rev. Ento-

mol. 8: 307-344.

Wood, T. K. 1976. Alarm behavior of brooding fe-

male Umbonia crassicornis (Homoptera: Mem-
bracidae). Ann. Entomol. Soc. Amer. 69: 340-344.

. 1977. Role of parent females and attendant

ants in the maturation of the treehopper. Entylia

bactnana (Homoptera: Membracidae). Sociobiol-

ogy 2: 257-272.

. 1982a. Ant-attended nymphal aggregations

in the Enchenopa binolata complex (Homoptera:

Membracidae). Ann. Entomol. Soc. Amer. 75: 649-

653.

. 1982b. Selective factors associated with the

evolution of membracid sociality, pp. 1 75-1 79. In

Breed, M. D., C. D. Michener, and H. E. Evans,

eds.. The Biology of Social Insects. Westview Press,

Boulder. CO.
. 1984. Life history patterns of tropical mem-

bracids (Homoptera: Membracidae). Sociobiology

8: 299-344.



558 PROCEEDINGSOFTHE ENTOMOLOGICALSOCIETY OFWASHINGTON

Appendix A. A list of the treehopper genera reported in Colombia including the number of species, life

histor> type, ant mutualism, and references. Life histories were categorized as one of three types: aggregative/

ant-dependent, presocial, or solitary.

Genus
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Appendix A. Continued.

(_icnus
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Appendix A. Continued.

No of Species Life Hision. Type (Reference)* Ant Mulualism (Reference)*

Slegaspis

Euwalkeria


